INTRODUCTION
Acute appendicitis (AA) is the condition that most commonly requires urgent abdominal surgery in the paediatric population. [1, 2] Abdominal pain is indeed one of the most common symptoms that leads children to medical attention at emergency department, even if appendicitis is ultimately diagnosed only in 2% of them. [3, 4] Diagnosis of appendicitis may represent a challenge for both paediatricians and paediatric surgeons, particularly in patients younger than four. [2, [5] [6] [7] On the one hand, early diagnosis and surgery of AA can prevent complications, on the other equivocal presentation of AA implies risk of misdiagnosis, thus, requiring diagnostic imaging studies with consequent delayed definitive surgical treatment. [5, 8] In this study, we present the results of our clinicalevaluation based, which allows to discriminate children that should undergo immediate surgical evaluation for potential appendectomy and those with equivocal presentations that may benefit from further diagnostic imaging studies.
suspected. All patients had their full blood count with differential white cell count and C-reactive protein level determined. Some patients underwent radiologic imaging ((Ultrasound scan [US], Computed tomography [CT] scan, abdominal X-ray, upper gastrointestinal contrast imaging) when the clinical diagnosis was equivocal, otherwise the diagnosis of appendicitis was basically clinical. Appendectomies were performed by the senior surgeons in the department. Postoperatively, the reports of the radiologic investigations of each case were related to the post-operative findings and histopathological reports. Imaging rate was defined as the total number of patients that underwent at least one imaging examinations. Negative appendectomy rate was defined as the total number of normal appendices identified at histopathological examination over all performed appendectomies. Complicated acute appendicitis (AA) rate was defined as the number of both perforated appendices identified at histopathology and appendiceal abscesses at surgery, over all cases of appendicitis. In all patients, who underwent surgery the negative appendectomy rate and the appendiceal complication rate were calculated and compared to those reported in recent literature on the topic. To assess whether there were variations of diagnostic investigations or pathological findings due to age or sex, all children were divided into 3 groups for each gender: Younger than 4 years (group A = male or A1=female), 4-10 years old (group B = male or B1=female), and over 10 years (group C = male or C1=female).
Statistical analysis
The data were analyzed using descriptive statistics. Personal characteristics of the population were compared between males and females and age groups by using two-tailed Fischer's exact probability test for dichotomous variables (gender, imaging exams, complications, and histologically confirmed AA rates) and t-test for continuous variables (age, length of stay [LOS] ). The adopted level of significance was P value < 0.01.
RESULTS
During 2010 in our institutional, ER 2772 children (age 0-18 years) were evaluated for abdominal pain. Among them, 1849 patients (67%) were fully managed and eventually discharged by ER paediatricians with no need of surgical counselling, while for the remaining 923 patients (33%) a surgical assessment was required. In 75.7% of all children assessed by the surgeon (699 cases) a surgical condition was excluded, however, for the remaining 221 cases (24.3%) a decision was taken to admit the child to the surgical ward for suspected appendicitis [ Figure 1 ]. A summary of outcomes and imaging used in the study series is reported in Tables 1  and 2 . Of these patients, 125 (56.6%) were males, and 96 (43.4%) were females. Mean age was 10.4 years. Females resulted more liable to abdominal pain (P = 0.025), both in patients' group that finally underwent appendectomy (P = 0.038) and in not operated one (P = 0.008). A comparison of population variables between males and females is given in Table 3 . Eighty-four of these patients (38%) didn't under-go any operation, because a surgical condition was finally excluded during the time of in-hospital observation, 51 (60.7%) of them without requiring any imaging studies [ Figure 1 ]. The remaining 33 patients (39.3%) required imaging studies before definitive surgical discharge without operation: US alone was the most required study (16/84, 19% of cases). To our knowledge, none of these children ended up with appendicitis later on. Appendectomy was finally performed in 137/221 patients (62% of cases). Within male groups surgery was undertaken more frequently in group C rather than group B (P < 0.001) and in group B rather than group A (P < 0.001) [ Table 4 ]. Pathological findings showed that 33 patients had a complicated AA (complication rate 26.4%). Complicated AA was more common in female groups A1 and B1 rather than C1 (P = 0.03 and P = 0.001 respectively) [ Table 5 ]. Ninetytwo patients (73.6%) had the inflamed appendix removed before perforation. In 12 patients (8.8%) appendicitis was not confirmed at histopathology. This event in both males and females appears to increase in older age classes, although, not in a statistically significant way. In particular, the number of unnecessary appendectomies in the subgroup of females older than 10 years of age (Group C1) accounted for more than 66% of the total (8/12). However, in one of these patients a carcinoid tumor at initial stage was found and surgically removed; the tumor was not diagnosed pre-operatively. In 113 patients (82.4%) no pre-operative imaging was carried out, while in 24 (17.6%) at least a selective study was performed, mainly abdominal US [ Figure 1 , Table 2 ]. The use of imaging in children who weren't finally operated resulted twice than in the operated group (39.3% vs. 17.5%, P < 0.001) [ Table 6 ]. No statistically significant differences in use of imaging were recorded between age-matched male and female groups [ Table 7 ]. The LOS progressively decreased with increasing age, both for females and males; this difference, however, was not statistically significant.
DISCUSSION
AA is the most common surgical urgency in children (0-18 years), with a developing lifespan risk of 8.6% in males and 6.7% in females. [9] The yearly incidence ranges from 1 to 2 cases/10000 in the age group 0-4 years up to 25 cases/10000 in the age group 10-17 years. [8] In our series, AA was ultimately diagnosed in 4.5% (125/2772) of all children presenting to the ER with acute abdominal pain, fully according to what is reported in literature (1-8%). [8, 10] Diagnosis of appendicitis is essentially clinical, based on the classical triad of symptoms: Typical abdominal pain worsening over time, gastrointestinal disorders like anorexia or vomit and systemic immune response with positive laboratory blood test (left shift leukocytosis and raised C-reactive protein level) and possible fever. [1, 2, 6, 8] Nevertheless, this classical pattern of symptoms occurs only in about 50-60% of cases: Misleading anamnesis or equivocal findings are mainly reported in young children, in pubertal/adolescent girls and in case of pelvic or retrocecal appendix. [2, 5, 7, 8, 10] These cases are often lately referred to ER and require a more careful and time demanding work-up for differential diagnosis (mesenteric lymphadenitis, gastroenteritis, constipation, lower right lobe pneumonia, gynaecological problems) with a higher rate of delayed or missed diagnosis (>70% in infants and toddlers). [1] [2] [3] [4] 7, 8] If the diagnosis is delayed appendiceal complication occurs. Literature reported that rates of appendiceal complication vary depending on age: Overall paediatric population 17-33%, 10-20% in the 10-17 year-old group, up to 80-100% in children younger than 4 years. [2, 7, 8] Complications increase mortality from 0.002% to 3% and morbidity from 3% to 47%. [9] [10] [11] On the other hand, wrongly diagnosed appendicitis with unnecessary appendectomy are reported in 15-40%. [11, 12] A rate of 10-20% negative appendectomies is considered acceptable and is justified by a surgical approach to the equivocal cases in order to reduce appendiceal complication. [3, 9, 13] Nevertheless, appendectomy is a procedure performed under general anaesthesia and even an unnecessary appendectomy accounts a complication rate of 3-15%, with 2% of cases requiring a reoperation. Furthermore, the total cost for an unnecessary appendectomy (exams, surgery, hospitalization) is about $3000. [14, 15] In our series, the unnecessary appendectomy rate (8.8%) resulted fairly low. Many clinical and technological tools can be used in order to perform a more accurate and prompt diagnosis of AA, thus, reducing both complication and negative appendectomy rates. First of all, patients presenting with equivocal signs and symptoms of AA should be admitted for inpatient observation and serial physical examinations until a clear diagnosis is reached, as we do at our Centre. Several clinical scoring systems of symptoms and signs have been proposed by Alvarado, Samuel and Lintula in order to achieve a more confident approach to these patients, however, their absolute utility, especially, in pediatric setting, is not universally accepted. In our opinion, their strongest limit is the automatic and rigid evaluation they offer. Experienced clinicians may not improve their diagnostic performance with scoring systems. [2, 8, [16] [17] [18] [19] Imaging studies are indeed useful to achieve a more correct diagnosis but they should be used appropriately. Plain abdominal X-ray studies result normal or misleading in up to 77% of AA, unless a typical calcified appendicolith is found. [8, 20] Despite this exam was often wrongly over-requested by ER paediatricians before surgical consultation for not specific abdominal pain, it rarely altered patient's surgical management. US can better help in diagnosing AA if the typical direct or indirect signs are visualized. It can also be useful in identifying a different cause of abdominal pain in 24-41% of cases. [8, 9, 14, 16, [20] [21] [22] [23] Anyway non-visualization of the appendix at US is reported in 33-51% of normal appendices and in 10% of inflamed appendices because of air or stool interposition, fat constitution, patient's un-cooperation or low operator's skills, thus a negative US doesn't exclude AA. [14, 16, 22] Most of the patients in our series with equivocal symptoms were studied by US. CT is more reliable than US and it is the most used imaging technique in the United States in order to accurately confirm, eventually rule-out AA (sensitivity 90-100%, specificity 91-99%) or identify a differential diagnosis (reported in 80% of query AA cases studied by CT). [8, 9, 14, 16, [20] [21] [22] However, the appropriate use of CT scan is strongly debated. [23] [24] [25] The risk of high radiation dose connected to the use of CT in children is not negligible: Since children are 10-50 times more sensitive than adults and have a longer expected lifespan to develop a malignancy, it has been stated that 1/1000 children who are exposed to 1 abdominal CT scan will develop a cancer during lifetime. [23, 26] In our series, we performed CT scan in 4 patients, all younger than 10 years: A 2-year-old girl having mild abdominal tenderness, despite highinflammatory indices, who was found with an appendiceal abscess and subsequently under-went urgent appendectomy, and in 3 patient of the non-operated group also presenting with equivocal signs. Magnetic resonance imaging (MRI) results as sensitive and specific as CT, anyway it has a little role in detecting AA because it is much more cost and time demanding and it requires a general anaesthesia in children. [9, 20] We used MRI only once in a 5-year-old girl without general anaesthesia. Four patients of our series under-went gastrointestinal contrast study because they presented with equivocal symptoms including acute pain. None of these studies was diagnostic and all these patients were finally discharged without surgery when the pain settled down. It has been reported that the accuracy of diagnosis for AA relying on plain clinical evaluations can be improved from 80% up to 95% when imaging technique are used. [9, 11, 14, 27] It has been demonstrated that an appropriate routine use of imaging techniques like US and CT in children presenting with equivocal signs and symptoms of AA is effective in reducing the rate of complications from 35.4% to 15.5% as well as unnecessary appendectomy rates from 14.7% to 4.1%. [5, 11] In our series, the use of imaging in children who were not operated resulted twice than in those with confirmed appendicitis at surgery (39.3 vs. 17, 6%, P < 0.0001). This is consistent with the fact that imaging is requested essentially in the diagnostic process of those cases presenting with equivocal signs and symptoms. The male to female ratio (M/F) resulted to be 1.36 in the overall population receiving appendectomy, 1.42 in notcomplicated appendectomies and 1.2 in the complicated ones. The rate of unnecessary appendectomies was greater in females (M/F=0.33). Among the patients with not-confirmed appendicitis at histopathology (negative appendectomy group), only 16.7% received some kind of pre-operative imaging, with no gender differences. It should be worthwhile to consider the employment of imaging studies (especially US) in females older than 10 years, as this group represents 66% of the total unnecessary appendectomies. In fact in female patients signs and symptom of AA are often equivocal and may be referred to gynaecological conditions, making the diagnostic process more challenging. [2, 5, 8, 10] Our clinical assessment-based protocol with limited use of imaging resulted in an acceptable overall peritonitis and abscess rate (26.4%) and negative appendectomy rate (8.8%). Similar experience have already been reported in literature. [6, 19] However, our series confirms that some subclasses of age and sex present significantly higher negative or complication rates: In particular in females over 10 years the number of histologically not confirmed appendicitis is unacceptably high. In this group of patients, a selected use of imaging should be implemented to improve diagnostic accuracy and to avoid unnecessary appendectomies. There are several limitations to our analysis. First, the retrospective nature of this study implies no surgical follow-up for children who did not undergo surgical counselling. Second, the imaging rate may also be the result of bias due to variability of the ER examiners, since the choice to require an imaging study depends on the experience of the ER clinician. Third, in some cases the relatively low number of admitted patients has compromised the statistical significance. Nevertheless, one of the purpose of this observational study was to identify preliminary clinical data that will allow us to develop a well-designed, prospective randomized study, in order to prove if US does support the diagnosis of AA. Despite these limitations, our data confirm that clinical assessment is still the milestone to diagnose appendicitis. Use of imaging should be limited to cases with misleading anamnesis or equivocal findings and in girls over 10 years. Imaging of choice in equivocal cases should be US.
